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TIfFE MISSION OF AGARI)

t 'The mission of AGARD is to bring tc-gclher thc leading personalities of the NATO nations in the fields of scicnrcc and
technology relating to aerospace for the following purp t'es:

ExF~changing of scientific and technical information;

-Continuously stimulating advances in (he aerospace sciences aelevant to strenrgthening the common defence posture;

I mproving the co-oration among member nations in aerospace research and development;

- Providing scientific and technicitl advice and Assistance to the Military Committee in the field o'f aerospace research
and devrlopment (with raiicuinr regard to its military applicatilsn):

- Rendering scientific and technicail assistance, as requestcd, to othcr NATO bodies and to membcir nations in
connection with ..,neaich annd development problems in the aerospace field;

- Providing asslitance to member nations for the purpose of increasing their scientific and technical potential:

- Recommending effective ways for the mtcmber nationts to use their research and dievelopment capabilities for the

common bsenefirt of the NATO community.

The highest authority within AGARI) is the National Delegates Board consisting of officially appointed senior
representativs from each member nation. The mission of AGARD is carried out through the Panels whicht are composed of
cxperts appointted by the National Delegates, the Consultant and Exchange Programme and the Aerospace Applications

r Studies Programme. 1te results of AGARD work are reposrted to the member nations and the NATO Authorities tlrrouvrh
the AGARD series of publications of which this is one,

Participation in AGARI) activities is by invitation only and is normailly limited to citizens of the NATO initions.

Published June 1987

Copyr ight (d AQARI Y8
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INTRODUCTION

The Aer ospace Application Stud its Programme has been a majorAGARLD activity since 1971. At that time, the AGARD
Steering Committee proposed a major reorganhsation within AGARI) that created the Aerospace Applications Studies
Commttele (AASC) and the Military Studies Committee (MCS) Division. Since that time the Military Commtittee hs provided
topics of interest from which studies have been recommended by the AASC and approved by the Steering Committee and the
National Delegates Board. These studies have been accomplished by experts nominated by thc nations and other NATO

*groups under the supervision of the AASC.

The studies have sought to apply technologies expected to be available in the 1995-2010 timeframe to anticipated
operational requirements. The teams have been composed of scientists, engineers and military specialists. Itmportant
corttiihution hnve been made by each.

* To date. twenty-two studies have been cotmpleted. They have all been based on broasd technical questions with operational
application. The studies have been concerned with several aspects of airpower including the protection of aircraft in combat,

*the improvement of their avionics, weapons delivery or communication and defenve againat tactical ballistic missiles.

The following are titles and abstracts from the first twentysix Aerospace Applications Studies. All but the final fivestudics
ares presently available through the National Distribution Centres for classified publications (s.ce list on back cover). AAS-22 is
in the final stages of publication aidAAS-2 3 and AAS-24 should be published in the Spring of 1987. To obtain an Executive
Sutmmary, ask for Volume I only of the dciired report.
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AEROSPACE APPLICATIONS SPI IWS

%filitarv Cormmittee. Situdle% Diision

AAS-l The Physicol Vulnerability (if Aircraft, (AR-47)

AAS-2 Small Tactical Missiles for 1 9810 onJ Becyond (AR-57)

AAS-3 Detctcion and Location of Sheltered and Dispersed Aircraft (AR-59)

AAS-4 Applications of Unmanned Aircraft (AR-79)

AAS-S . Night Vision Devices of Fast Comnbat Aircial't (AR.73)

AAS-S '- Use of Precision Positioni ng Systems by NATO, (AR-MM1)

AAS-7 Suppresaion of Radars Associated with SAMs (AR-Ill)

AAS-8 .: l nterception of Mach 3 Aircraft by Fighters -(AR-I 102)

AAS-Q Advanced Technology to Counter Low Altitude Threats (AR-I 03)

AAS-10 - Communications Devices Supporting Air Warfare with Reduced Susceptibility to
Jamming, Intcrctpt and Location Determination (AR- 120)

AAS- I I Suppression of Vetcction ttnd Guidatnce Syslcnts, othcr tiurri Ra~dar, Associaitcd ith
SAWs ASMsq and Guided Bombs (AR- 2 1)

AAS-1 2 Possibilities for Achieving Accurate ASM Declivery from Long Range rttd Lo~w and
High Altitude (AR- 177)

AAS-13 Possib'ilities for Reducing Radar, Infrarecd Acoustic and other Signattures on stt Air
Vehicle , )(A R- 196)

AAS-14 Mission Applications for V/STlOE Combat Aircraft (AR-I 197)

AAS-15 Active, Semi-Active and Passive Surveillance Sensors and Fire Control for Air
Defence, (AR- 199)

AAS-16 Stansd-off Sy.itet Concepts for the Acquisition and Neutralisatioti of.Mohile Surface
Targets (AR.2Ott)

AAS- 17 - Options for Future Interceptor Weapon Systems (AR-2(l )

AAS-114 - Attack and Derfence of Helicopters ConductinsgTactical Operations, (AR-21 4)

AAS- 19 All Weather Captiity of Combat Aircraft (ARa -2 15)

AAS-20t Attti-'ractical Ialti islcSystemi Concepts lAR-'1I9)

AAS-21I - C1 Requiremecnt% toi the Attack of Mobile' Targets by Lurnd Btased antd Air
Launched Wespoi- (AR-22 1)

AAS-22 Syblem Conicept% for the Suppression of Enemy (,rouod-to-Air l)Cfcnces in Aid of
Offensive Air Support Operations% (AR-241)

AAS-23 -4, Improved Self-Protection for Tactical Aircraft(Threat Watrring, End-Oatme
Countermeasures and Matnoeuvre)- (AR-242)

AAS-24 System Concepts fcc Unmanned Airersfit in Beyond Visual Rantge Air-to-Air
Engagements (AR- 2511)

AAS-25 Systemt Concepts for NATO Tactical (Theatre) Missile 13elene --- (AR-25 I)

AAS-26 An Air Launched Stand-Of Deli, cry Systeim for Anti -Su bnari ne Warfire Aircraft
(ASW) (A.R-252)
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AAS NO I
I-

414-417

THE PHYSICAL VULNERABILITY OF AIRCRAFT

Volume I: September 1972
Volumes 2 & 3: May 1973

The overall utility of combut aircraft is influenced by the ability of the vehicle to absorb damage and still complete its mission
and/or be repaired and returned to er-,ice rapidly. The report develops analysis techniques by which this characteristic of the
aircraft m3y be assessed during the initial design phases and measured quantitively as design features are established, The
report also summarises and evaluates the techniques which have been developed to reduce the physical vulnerability of aircraft.

The third volume, separately entitled "Aircraft Vulnerability Analysis", by consultant DKardels, describes a detailed
computer model for assessing the physical vulnerability ofan aircraft to a variety of weapons. It illustrates the ut: of ihe model
with examples by evaluating three weapon types - 21,30 and 35 mm shells .- against the RF-84E aircrft, The model provides
sub-routines ior describing the target and threat, for evalunting the effect of the weapon on the components of the aircraft and,
finally, for assessing the impact of component damage upon the survivability of the aircraft.

The Rqport (,o, .sie ; & ) is NATO CONFIPFNTIAL
The Supplemental Analysis (Volume 3) is NATO SECRET

AAS NO 2

AR-57

SMALL TACTICAL MISSILES FOR THE 1910S AND BEYOND

Two Volumes: December 1973

The case is made it this report for a NATO approach to tactical missile develnpnicntl for the 1t980s vii technology
programmes which led into "building block" prograimmes of majrr sub-systcms huing applications to more than one missile
system. The case is tl,cn made for linking together these various ye partte development programnmes into a planned
develoIpment programme involving fistsilics of closcly associated missiles,

Based on a comprehensive survey of the advances in sub-system technologies sid upporting techniques available in 1980-
1985 and ott the estimated characteristics of the targets ofthe 198tts, this method of approch leads to the definition ofsome 80
conceptual system designs correspotding to 41 missile system typcs classified into 7 tar et orientated missile families. Inese
conceptual system desiius are analysed in order it) derive the cases for commnility and modularity anti the must promising
technologies and techniques for the 191 0s.

The Executive Summary, published ini English -- AR-57/1 and French - AR-,'7/I (FR). is NATO CONFII)i NTIAl.
Te Mlin Report, AR-57,'2, is NATO S kECR-I

AAS NO 3

AR-59

DETECTION AND LOCAT ION OF SHEI FREI) AND DISPERSED AIRCRAF

'wo Volumes: July I I174

1his report is ai su r cy ,if the n'( at fur detec glin and licatung sheltered and iili,er d ircraft. Ihe nati : ,'if Ihesc ii gets anid
their environnicnt is exiini lnd the li ilirv- reluirctellts lor reiinnais inte, attick and imil t e it, oi cni s tct ii c I I csice d.

'rite text proviths it survey of inforitul i- I (tIt I wide ruge Of lotha 's tal ash d d Iw sensii g i .iiques. "1lhe c apt buhl
of tlI techiiIlcs is ciinitleed over the ulill rauge of light atid weaher comditils.

The possibilities ot seisor cumbitations and the liritbletts of information retrieviul in reil time are expircl.

'11c nue:ns iif seisilug is relacd to the opterationi l reutircnents, nnt coclusiots itre drawn oni the effectiveless if the
techniques considered. Reconmendatioms tire made for the further dcvelorlnivii of senseors and proposals are Indc for trials
to supplement opertiontul performance ditta otn existing setisors aind to test the operatiinl efectivcness of novel sensiIng
systems.

ieic Report i!, NATO SlI T

NATO UNCLASSIFIED I

.
Jt



NATO UNCI.AWSFIEIDe 5

AAS NO 4

AR4-79

APPLICATIONS OF UNMANNED AIRCRAFT

I hree Volumeil: April 1975

The primary goals of the -study arc to identify the role% and effectiveness (if Remotely Pileted Vehicles (PPV)/Droiic, and to

identify major technology areas requiring more effort in order to achieve the capability to perform these toles.

As a first step, the study group assumes an operational concept of stipplertetiting tnctical air forces by the inc of RPV/Drones
to carry out conventional attack against vital counter-air targets.

As A second step, the study group conducts analyses including manty trade studies to define the subsystem performance
required to arrive at a weapon system concept for the operational mission.

As a third step, two design approa~hes are undertaken. One design effor considers a drone vehicle configuration to he
*employed for area denial operational missions. From this configuration an, RPV Point Design I is derived by incorporating

additional avionics for remote control and attack of offensive counter-air targets. The configuration developed incorporatei a
*modular desigo concept to permit easy changes of the fuselage nose and antennae for alternate missions. IThe second design,

Point Design 2. in a larger flight vehicle carrying a heavier payload. This design is configured primarily for tie close air support
mission. The purpose vf the point designs in to provide two significantly separated base points for performance variations.

As a fourth step, th- RPV/Dronc capabilities are analysed quantitatively by considering subsystem and system cost, weapon
delivery survivability/vrulnerability and life cycle cost, in addition, Point Design I is compared to a manned aircraft employing
long range stand-off missiles to attack targets in order to estimate the cost effective comnparisons between these two tactical
weapon systems.

This approach provides a step-by-step advancement from ant attack drone (area weapon) to an attack RPV and finally to the
more sophi-sticated autonomous terminal attack drone.

AAS NO 5

AR-73

NIGHT VISION DEVICES FOk FAST COMBAT AIRCRAFT

Volumes 1, 2 & 3: Decenmber 1975
Volume 4: Msy 1982

[he goal of this study is it) i.isess the utility of oight vision devices in high subsoicic ped aircraft ttpertttitg ait ftight aginst at
voriity of tactical targets.

This study cmisiders thle ititegration miffnight vision devices into the totalaircroft weapon system. A methodology foi addressing
thewc questions is developed which include.% such factors is the target ittd aircraft charaicteristics, terrain features, and the
cottrt bsetween tile ttirgot mid its, liakgrou~td. I Ie nmethodotlogy stresss the honii tfactors aspects of the man-machine
interface, especially display 5iue and image qtualiy.

The oatputkof this method of inalysis take two fortos.fThe first indicates the ritage of timne before reaching thL target, tt which it
pilot seeds tt, have seen a target antd made the decision that it %%as the proper target. The second output indicates the range it
which the man-mtichinc combination is actually able ton make such a target -acqu isit itn dee.sion. Th, study thus identifies tile
range it which a sensor stust be capable of presenting ii discerniblc7 image on a display and tlte ratnge by which the pilot mst
have seeni the displayedn target timid committed his tiircraft to ain attuack in order to be withit he mtsnoeuvrc restrictions osf the
altitude-velocity conditions of the atttick. The effects oif masking and the resuliant ranges at which the target first becomes
unveiled are next examined. Ihis dermines thc time histotrytof the target appearing oi t;ie isploythe pilotsareh time, the
rattge ait which he turns ito attack. anud whether this manoeuvre tiecurs early enoughm to pormit aictual attack.

This study does nt gio through the details oif it iystcm dcesigit, but riither takes state-of- hc-ttrt designs in a parametric trade
tetween Rid of view and range and exatmines their porforinunce for one winter montnh antd one summer month. 'Mi,.
ivestigation has purposely not coiteed the effet of thne thremi environmenst.

Fotr meaningful results upion which to base retil decisioni. tile calculatioins tevcliitscd in Volumes 1 -3 nteeded to be emntded
throughtout a year aind mround thit clock in ordter ts gather useful stisitiecs concerning the effect.% (if weather Volume IV
accomnplishtes tbis for one locatioti of itterest.

NATO UNCLASSIFIFI)
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- Statistical data on the intcraction of weather with EO imaging sensors (FLIR and IV) :hrcughioul a full year in a
typical centre Europe area.

- The corresponding basic computed atmospheric transmission data over different paths and 'o stuJy ti sensitivity
of these data to the weather conditions.

- The impact of improving technology on capability for air-t(.ground tasks such ai weapon aiming, navigation and
piloting.

The Report Is NATO-SECRET.

AAS NO 6

AR-99

USE OF PRECISION POSITIONING SYSTEMS BY NATO

Volume l: July 1976
Volume 2: January 1977
Volume 3: March 1977

The study concentrates on an evaluation of the potential applications within NATO of a precision postioning system (PPS) -
as exemplified by the US NAVSTAR Global Positioniri System - with special emphasis on a qualitative and quantitative
evaluation of the impact of Increased position informaton accuracy on the tactical air shack capability of NATO in Europe in
the 1980s and beyond.

The relative advantage ofa satellite system vis-h-vis other systems is discussed as well as the optimum number of satellites and
the costs and effectiveness of tactical bombitg with manned and unmanned aircraft using PPS. The ability of such a PPS to
support military missions other than tactical air, as well as civilian applications, Is also discussed.

The study concludes that a secure and very precise PPS is feasible. With such a system, the all-weather attack capability (les
than 10 metres In the three dimensions) on stationary, and even some moving, targets is so promising that continuing
operational analyses should be performed. Moreover, in the specific area of guidance of manned and unmanned aircraft, as
well as stand. off missiles, PPS could lead to outstanding simplifications and money savings. However, the study also Identifies
the need for a unified command, control, and communications system.

The Executive Summary, AR.-88/J, Is NATO-CONFIDENTIAL
The Main Report, AR-88/2, is NATO-SECRET

AAS NO 7

AR-91

TECHNIQUES FOR SUPPRESSION OF RADARS ASSOCIATED WITH SAMS

Volume I: January 1977
Volume 2: April 1977

The study identifies and examines various technique, expected to be available in the 19)80s for the stppression of radars
associated with surface-to-air missiles for the purpose of reducing the vulnerability of NAIO ii rcraft to SAMs.

'ie study concentrates on the two basic muns of suppressing radars associated with SAMs, namely by destrnction or by
neutralization. In the area of neutralization all reasonable types of countermeasures are evaluated with respect to surveillance,
target tracking, missile tracking, missile guidance, fuse, and availability status. In the area of destruction several types of weapon
guidance systems are evaluated with a number of attack variables such as range, tarhead weight and type of attack. The report
includes a survey on future enemy SAMs and one on electronic intelligence. Recommendations Include Indications of
preferred tactics and desired R and D.

The ultimate question of SAM radar suppression is whether destruction or neutralizathn is the preferred approach or if the

answer Is a minxture of the two, Therefore the retporl includ s a model for performing trade-off comparisons between the two

means of suppression and highlight deficiencler 61 input data required to exercise the model pr:perly. The expertise of the
study group, enhanced by battd experience, iP used to provide inputs to the model in order to portray iome trendi as well as
demonstrate the utility of the model.

* The Report is NATO SECRET.

NATO UNCLASSIFIrD
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AA5s NO 8

AR- 102

INTCRCEP'fON OF MACH 3 AIRCRAFT BY FIGHTERS

Two Volumes: April 1978

The study objectives were to identify (a) fcasible Intercept Fighter Systems (consisting of manned aircraft, fire control systems,
and air-to-air missiles) forthe near term (1977-1 9"~, and the long termi ( 1985-2000), (b) tactics for the employmient of thesc
systems, anid (c) the! most promisitng area for R& D.

To achieve thewe goals the assomptions and assessments regardig the high altitude/high speed threats to NATO Europe for
the present sand for the future, are formulated and the characteristics sand performances are identified for existing and in-
le,,elopment NATO Air Defence Znvironnment Systems hii Europe defending against these threats (i.e. control and reporting

systems such ats NADOB and AWACS). As a secoid st.,p, an evaluation is made of current and in-deveiopment Intercept
Fighter Systemi n order to identify the deficiencies of these systemsi and consequently the areas most pertinent for parametric
studies. Third, criteria are define for a paramnetric analysis of technical and operational problems which must be solved to
overcome present deficiencies. These parametilc studies permit the Identification of fruitful areast for R&D effort and allow
one to address the overall problem of positioning Interceptor aircraft in Europe to meet the hiah-altitude threats. As a fourth
step, an overview Is presented of the potential R&D efforts that could he pursued to improve NATO high altitude intercept
capabilities.

.r~he study concludes that It is posaible to propose options for alternate solutions and to Identify advantages and drawbacks of
esch potential holution. The study also suggests a number oflgenerall conciusions and recommsendations.

Both Volume 1, the Executive Summary, AR- 102/ 1, and Volume It, Technical Appendicesq, AR- 10212, are NATO SECRET.

AAS NO 9

AR-103

ADVANCED TECHNOLOGY TO COUNTER LOW ALTITUJDE THREATS
(other than aircraft-msounted radars)

Volumes I and 2: November 1977
Votume 3: June 1980

Current efforts to i'ope with low altitude threats havc centered on specialized aiirbornc ridam, and in sontc cacE~ associated sir-
to-air missIlles, TIbis study Investigates alternative techniqurs that might be brought to bear in the future against threats at low -
actually, very low - altitude (below S00 feet above the ground),

To set the stage for thet nanysix that foliows, thc first haif of the report present%: first, the threat (present and future); meconul, the
current response; third, an assemsment of likeiy deficiencies in the I1980.q; and fourth, the operational requirements,

The second half of the report is an analysis of the sensing techniques available, and their application in conventional and
unconventional ways. The approach is ast fstiiows: (a) determine the physical characteristics of the threat; (b) examinc
applications of sensors to exploit these characteristics; and (c) Identify conceptual systcm solutions. Some tncthtdm for
nteutralizing the threat aire included, as are the problemts (if early wairninsg antd 1FF identification.

Finally tie conclustionsi, recommondutitts, and priotritics for Rt&D t)ffiirt are presented its well as tttt cisay ott a"i new
philosophy" for defence against low level attacks.

Thec Report is NATO SECRET

MAS NO 10

AR-I120

COMMUNICATIONS DEVICES SUPPORTING AIR WARFARE WITH RED)UCED
SUSCEPTBILITY TO JAMMINGI, INTERCEPT AND LOCAT1ON D)ETERMINATION

Votiume I: August 1979
*Volume II: April 19801

Most cotmmunication systems supporting aerospace operation are sumcepilitle to jamming, intercept and direction tinding.
*Jamming would make cosnbat operations extreniely difficult withtout effective cotite-cttuttrrtteuau rem (CCM).TI study

Investigates variusm measures available to reduce the muscepthillty to the threat.

NATO UNCLASSIIFIED)
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The %tudv considcrs nll relevant comnnnitiont characteristic sl~ar,uhig with the critical riperar onal situatboni in clo~s' air
support, tactiual air coottrol and rtefcticc it staund-off contrroh., and gouldautceo iii lltte rrrtouitiolr% ittt seticteN. Iccltnlical
4spects uiteluding link criteria and modulation arc discussed.

Parametric identification of sy- cem suaseptihility to intercet, location determinationt and jamming is matt., and poslible
countertneasures techniques discussed.

A comparative analysis is made to identify a suitable system and parametric aunlybis is made ot tucnds in k&D of new
communication myslems. Specific recommendations for related R&D projects are made.

Thc Report is NATO SE-CRET.

AAS NO I1I

AR-121

SUPPIRESSION (IF DETEC~IFON AND GUIDANCE SYSTEMS
OTHER THAN RADAR, ASSOCIATED WITH SAMs, ASMs,

AND GUIDED BOM1BS

Two Volumes. August 197

The study addresses enenty detection and guidance syst.tms, other than radar, associated with SAMSA and ASMs*/guiJdd
bombs in order to recommend tactic%, techniques muid areas for research to counter-niet these systems.

The Study Group has considered ie appltcation of countermeaisures to EQ/JR guidance systents used in threats posedl by
SAMs, ASMs and guided bomb~s. A survey was made of mich basic ctttmideratiot's itt equipment usage, icshnology
descriptiong, atmospheric physics and human capabilities. Official estimates of the current and future threat were augmented
hy Study Group with additiortal technically feasible threat possibilities.

After reviewing all the poisible means oif coun' rmciisurcs (CM), e.g. shielding, ribscuration, camouflage. passive aind ttctive
decoys, jamming etc. Countermeasure Applicuhility und Imtplemetntatiotn Matrice-s have been prepared relating the SAM and
ASM/Guided Bomb tireats to the physical possibilities of the different means of CM and to possible CM hatdwarv

itnplementation.

In order to demonstrate the dependence of CM effectiveness upon the mission and target type, 7 exemplary scenarios have
been considered for SAM and ASM operatiots and value judgemerts ott CM% were mirde by the group fotr each scenatio.
Finally tpeciflc recomnendatitins in R&DI related to the various phases oftlie study nrc giveir.

The Report is NATO SECR E'l.

AAS NO 12

AR-177

PossinIitIErs roR ACHIEVING. ACCURATE ASM DELIVERY
FROMt LO)NG RANG;E AND) 1OW AND) IIIGII At. I'flDE

lI'ky Vtulunttcs August I Y8I

I'lti oibjective of this stutdy wats itt descrille long itttge air-to-grotttt sttutd-off ittissili; systenms whic l th WIl might lIe able It)
develop Itt the icrterml. Possible inears toi ctuntci [tite threitt orriginatintg frrt thtcse systems for NA() were it) he etmsidceur.

Conceentratittg (ui gutidane tispcets, the stutty assesses the pttssiktililiCt ritd thle effectivettess of loing range air-lo-surfutcc
missiles flyinig at loIw itm high altitudes itt th: ttack ttt a variety of fixed antd ratdrile (NATO) targets.

rthe act ivitit:4 recommtetnded ats a result otf thle ht tdy iintclude ctutiters as well a~s iniplicatttts fr NAlO attrick %ystems.

TIhe Report is NATO SIACRE'l

*SAM: Surfm,-to-ar issile
ASM: Air-Itt-Surface toissile

NATO UNCLASSIFIED)
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AR- 196

POSSIBILITIES F'OR REDUCING RADAR, INFRARED,
ACOUSTIC AND OTHEKR SIGNATURES ON AN AIR VEHICLE

Two Volu-ies: Novembet 1982

The study esrstiii'eii the possiblities of the reduction of the ability of an adversary to observe the presence of an air vehicle by
reducinh radar, infratred, acoustic, visual, laser and ot)ber signatures; the practicability and the penalties in performance,
operational utility ad cost,

The studIy group has determined the relative importance of air vehicle designs in tern of probability of detection and
recogniticti. It has explored ways and the practicahility of reducing these signatures, and assess~cs their impact on the air vehicle
pcrfortitttnce and design. The 'i-dy also evaluates the penalties of performance, operational utility and cost of these methods.

The Report is NATO SECRET.

AAS NO 14

A.R.197

MISSION APPLICATIONS FOR V/s'rOi COMB5AT AIRCRAFT

Two Volumes: Dccemther 19H2

The ob ' ective oif this study wax to determine whethcr vertical/short take-off and landing (V/STOL) aircraft could serve as an

ittract've complement toscotnventional take-off and landing (CTOL) airaft for certain missiolis in; the future.

The sudy assesses thc stale (ittechisology izid derive' design configurat ions for several catecgot ics ofV/STOL aircroft concept;

whic'.1 could be employed insa future force mix.

Th.- activities recommended ais a result of the study include techitologictil aventues to he pursued us well is a V/STOL flight
drmonsitative programtme to he liitiated,

'rhe Report is NATO sEcRu.r.

AAS NO 15

AR-I 199

ACTIVE, SEMI-ACTIVE AND PASSIVE SURVEILLANCE SENSORS AND)
FIRE CONTROL FOR AIR IJEFlNCE

Three Volunics: Mttrch 198

]lIre Study 0hjCLtiVc% include idejitiheltioti and iluiliticaton iof tlie relittive ilvait;iges of ihic different air decfence svyteitt
working within ton agreed thtreait The study exaroiiied t heir vulitratilitv to attack in jarting ind ARM conditi ndii
discusses the ability (if diffe cat slctntlt to mitioara dcfetsiv c cpaihty over au aqrced lperitd of I ilec.

1thc evaluatiotn of relative costs for fiurther dcleloping eurreitt tactivec systenis cont;pareit witht the cost (if passive, %emi-act i. or
miixed :,sstcni% is also coosideret.

lTre Report is NAITO SECRI"I

NATO UNCLASSIFIED
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AMh NO 16

AR-700

STAND-OFF SYSTM CONCEPTS FOR THE ACQUISITON AND
NEUTIM.IRAION OF MORILE SURY CETokRtCT8

Two Volumc-i: June 198 3

The study desribes possible weapon sybtems which could be built and deploytxd by the year 2000 for the attack of mobile, hard
*targets at ranaa 1o .ewnter 2nd echelon forces. The use of these systems against oth%,r hilih value targets is also r'onsldered,

Target detection, command and control and acquisltioi/rcopnltion subsytemns together with their relevant key technological
areas ame described. Possible enemy countermeasures have been sneasged, Appropriate R?- 1) avenues for promising concepts
urt identified. Total coat is discussed.

The Report is NATO SECRET.

AAS NO 11

AR-19 I

OPTIONS FOR FUTURE INT'ERCEPTOR WEAPON SYSTEM

Volumes I and 2: January 19114
Volume 3: March 1984

Tie study explor.as the best balance between aircraft performance and weapon performane for a future manned Interceptor
force which would be effective and cost effective in the longer term (2000 A.D.).

The objec is tc conduct a parametric study of air launched manned interceptor weapon systems in order to establish
consceptsual characteristics and cost of:

-missile with Freeds up to hypersonic
-fire control systems for milssile types above
-air vehicle size and weight

Emphasis is placed on telative cost effectivcness and other measures of effectiveness for the multiple etngagement environment.
The air vehicle is assed to be optimised for the air defence role,

Thc Report is NATO SECRET.

MAS NO IS

AR-2 14

ATTACK AND DEFENCE OF HELICOPTERS CONDUCTING
TACTICAL OPERATIONS

Three Vriumeq: january 1985

The study identified a,,d stxt :'u s promising solutions to the problem of detecting and destroying advanced WP'
combat helicopters. attd the problem of protecting one's own helicopters. Specifically it will:

determine the drsirqble characteristics of differats: systems and 'cbsiques appropriate to the timescale and an
agree-d scenario.

-study their fe-Lsibility including operational constraints and limits and ssecss the vulnerability of helicopters to such
systems.

- selto the most promising systems and techniques.

- identify s hortcomings of today'% technology and th" lints along which research ihoulJ be directed to rcalizc the
systems recommee'ded by the %tudy.

-establish effectiveness end probable osls of the suiutions proposvd.

T,. R~eport is NATO SECRET
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AAS NO 19

AR-21I5

ALL WEATHER CAPABILITY OF COMBAT AIRCRAFT

Three Volumes: January 1985

The study concerns research for identification of the most promising techniques for achieving considerable improvement in the
all-weather capability of comnbat airerart. Specifically the study;

- analyses techniques and technologies which could be available within the I1990-2000 timeframe.

- selects the moat protisaing techniques and system concepts.

- identifies tue lines along which research and development should be guided to realise the system concepts recommended,

- establishes system performance and probable cost for the solutions proposed.

The Ro-port is NATO SECRET.

AAS NO 20

AR-219

ANTI-TACTICAL BALLISTIC MISSILE SYSTEM CONCEPTS

Three Volumes: February 1986

The study develops and compares alternative system concept for thc defence of ground forces anti facilities against tactical
ballistic missile attacks. Specifically7 it:

- establishes the chea..eristlcs of the threat weapon systems in servie in the year 2000) and their vulneruble phases

- d~evelops system concepts for anti-TBM (AThM) weapons and associated early warning an'd target acquisition systems

- For each concept assesses the performance requiremeats and effectiveness against the variety of TBM threats

- Creates preliminary designs and cost estimates for promising ATBM system cone!'ts
- Focuses en threat systems classified as THMi and with a rang't not exceeding 10010 km. Makes excursions to examine

performance requirements for systems capable of defeating SS-20l missiles where the potential of previously defined
systems can be simply extended to meet that threat.

The Report is NATO SECRET.

AAS NO 21

AK-221I

C11 REQIREMENTS FOR ThE ATTACK OF MOBILE TARGETS
BY LAND BASED AND AIR LAUNCHED WEAPONS

Yore', Volumes: October 1IJ8

Wititin the European land/uir environment, the study conside;,% the performance lilyI to be required by C1I for the
acquisition/attack< of m bilc and othev time sensitive ground targets by land based and air launched wcapons. The study time
frasme covers two decades from I 9H4/1I985. Specifically the study:

- establishes target chatracteristics, locations and environments
- determines C31 ncds for current and projected air and groond launched wetpos

- anmlyses the captebilitic% of current C1 systems
develops C11 system co;:cpts to overcomre esistmn deficiencies

-- forceach 0i concept establishes performance data and assesses the effectivcness of the totalmsnck systemn

* - creates preliminary designs and cost estimates fot promising system concepts

* - rccommenJs improvemeots for haigh pay-off.

Ibhe R~eport is NATO SEC1ULT.
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AAS NO 22

AR-241I

SYSTEMS CONCEPTS FOR THE SUPPRESSION OF ENEMY GROUND
TO AIR DEFENCES IN AID OF OFFENSIVE AIR

SUPPORT OPERA 71ONS

Three Volumes: April 1987

I he study Investigates a wide range of systems for thle suppression of enemy ground to air defences by destructive or non-
destructive ineans within the European environment during the 1995-2000 time period, Both manned and unmanned
systems are addressed to obtain insights into high payoff technology arma that can be applied to minize tactical aircraft
Ios~es duringi Offensive Air Support (OAS) operations. Specifically the study:
- investigates technology alternatives for advanced Ay, em cor!t^ri :. that ,.,n c;-cA-ti;iy ..upprv-,s enemy air kiefcnces
- dciines manned and unmanned suppression systems Including surface-to-sir lager veapons
- evalustcs tactics and assessment of technologies to incloide the cost effectiveness aspects
- considers advanced conceptual SEAD systems pcrforming in autonomous and/or co-op..ratve operational modes
- analyses the effect of prolonged suppression activities on WP missile logistics and resupply.

The Report is NATO, SECRET.

AAS NO 23

AR-2422

IMPROVED SEL F-PROTECTION FOR TACICAL AIRCRAFTr
(IREAT WARNING, END-GAME COUNI ERMEASURES AND MANOSAJVRE)

Three Volumes: Fothcoming

The study analyses the dynamic relationship of threat wsrnlq, end-gusne countermeasures and aircrsft manoeuvre against
highly manoeuvrable threat missille systems. The studv develops advanced self-protection concepts that Integrate eqtuIpment
and aircraft manoeuvre to defeat the next genirrsstlon Air-to-Air aid Surface-to-Air mnissiles which are expected to have better
detection and tracking sensors and better manoeuvrability, This time frame is from the present to the year 2000. SpeclfIcally
the study:

develops a family of future missile threats Including trackir *., guidance and fusing. range, speed and mnoeuvrahility
-ana-lyses possible means to obtain threat warning

- analyses possible end-game countermeasures that could detest the tircat guidane and tracking
- examines the dynamic interaction betweer the threat and end-game cosun'ermeamurch wtth and without aircraft

manoeuvre
esimiatei coil% and installation implicationsm of the most pr-)mising self-protection cohicept

- recommends effective measures in the design of new aircraft.

The Report is NATO SECRET.

AAS NO 24

AR-250

UNMIANNED] AIRBORNE AIR DEFENCE SYSTEMS FOk

MEDIUM TO LONG RANGE AIR-TO-AIR ENGAGEMENTS

Three VolurnLs: Forthcoming

This study identifies unmanned weapon systems concepts for the airborne air defence beyond visual range. It describes system
solution in terms of effectiveness, service fequircinents, and cost in comparison with manned aircraft svistems. Additionlly, it
highlights the areas of technological risks, Specifically it:

- identifies promiqing system concepts and operational techniques

-- determines the characteristics and cost of these systems

NATO UNCLASSIFIED
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-describe% thc asssciatedl equipment on board and on the grounid

invest gates apsplicat ions of advan( ed inforamiitrinolnige processing techniques for target rcoignitit andior tricking

-specifies suitable wear-ons and Identiftes areas of performaunce improvcent

- examines feasibility of these systems, including operation rcsttisailt i4d analyses their operational effectivenessq

- compares thenmerging concepts with typical manned NATO ai...lsystemnsin terms ofceffcctlvenes an4 cost

- idenitifes areas to reduce technological risk.

The Report ig NATO SECRET.

SCHEDULE
Start: Novemrber 14 35
Eitd: November 1986

AAS NO 25

AR 251

SYSTEM CONCEPTS FOR NATO TACTI1CAL (THEATRE) MISSILE DEFENCE

*Tamee V,dIumc%: Forthcoming

This study addresses defensive systcm architectures capable ot countering the tactical mis.-Ic thteal to NATO-Europe
*(emphassising pimarily the precision non-ttuclear threat). Alternative defence systems architectures to counter the threat are

formulatc,' aitd evaluated lor maximum cost eftctivcnes'.. Associated technology requirement.4 for acceptable sysitern
pcrformaice tire determined. B~udget anti force% structurey are crmphasised in developing recommended approachrs.
Differentiation between ACE Regions and, if ncessary, other areas/sub-areas have been made as appropriate. Specifically it:

*- updates and oxtends the charactcrisation of the threait wetapon systems ito insclude tactical hallistic missile.% and cruise
missile capabilities

- provides parasnetric attalytis lto relote dect of -'iiryingt threat perfornaisce: against nmait targetsets

- considers the near timse situation tbased upon the knewn threat and, within tie partametric atnalysis, cover threat
projections anit conceptual tesponses with a tinetrime tip lo 20101

* postulates WP missions against NATO-FUropse

-derives Warsnw Pact Over-target requitemeints for postulated canmpaigns

- formulats system and battle inanagenent (B(M) C' architecures toi counter the spsectrutm of tactical misstle threats

coetnsiders both active Lind passilve. defence nielivares

-identifies potetntial active and pasivt, rounterniussires and counter tactics in resplonse ft candidate, defence architecctures

- establishes the performrinve requirement% fi each concept aid determine its growthr potenittal and effectivettess against
the threat ceenent

- identifies the most promising concepts ani tucittok is for future researchs an(d development by N AlT) niplnsiig
aftordability anit praoticaliqt

SCHEDULE
Start: Jm 198
End: June 1987

AAS NO 26

AR-252

AN AIR-LAUNCHEDN'TAND-OFF DELIVERY SYSTEM FOR
ANISUBMAI4INk" WARFART. AIRCRAIT (ASW)

'l-srec Volumes: Forthcoming

When delivering a torpedo atinwk the aircraft ha% ito overfly oit nearty overfly the target. With the adIVIti of subii ile launtcheid
snti-Acraft missiles, there is a requirement for a er~pabilit;. to launch art attack from outside tlse anti-aircrifl missile
engagement cone. T[he critical factor will be the delivery accuracy (tt a utand-uifttorpudo. It is necessary to tplace the weapon
cloise to the targect to ensure icqiitiim, piarticularly if counternicamures tire likely to tic empltoyed by the submarine.

NATO UNCLASSIFIED
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Mid-coure guidnnce update of the delivery rnksilc will probably he neccssary as existing error budge! may already he near the
deal linits. Specifically the s udy:
•.- otnhlishc.; the fe sibility of prollucing ao m r-latincIed lnsl -off torpedo) delivery s slcm foi ASW aircraft

SCHEDULFE
Start: January 1987
End: January 19R8

N
' NATO UNCLASSIFIED

* .t' ,tr,

!... .. . . . . . . . . . .



NATO UNCLASSIFIED

__ _REPORT DOCUMENTATION PAGE

I.4tcipient'slReferece 2. Orixnalers Reference 3. Further Reference 4. Secu-11y CiaificationI
NATO

AGARD-R-759 UNCLASSIFIED

S. Originator Advisory Group for Aerospace Research and Development
North Atlantic Treaty Organization
7 rue Ancellc, 92200 Neuilly sur Seine, France
AEROSPACE APPLICATIONS STUDIES, 1971-1987

7. Presented at

8. Author(s)/Editor(s) 9. Date

Various June 1987

tO. Author's/IVltor's Address I. Pages

Various iv+ 14

!2. Distribution Statement This document is distributed in accordance with NATO

Security Regulations and AGARD policies,

Military research Utilization
Aerospace engineering Abstracts
Research projects

This volume provides the astracts for systems related studies called Aerospace Applications
Studies (AAS's) performed by AGARD under the supervision of the Aerospace Applications
Studies Committee and the Military Committee Studies Division.

These reports present the results of one year study efforts pcrformed by ad hoc teams made
up of members from ine nations anJ military staffs. Included in the volume arc the abstracts
fiom AAS-I published in 1972 through AAS-26 to be published in 1988.

This Report has been prerared at the request of the Military Studies Committee of AGARD.

NATO UNCLASSIFIED

":'. , ~,, 'J

,-. 4Jj . + ,



* 
R.

zQ

17&11j

Idi i



iiii

113
liii uri

41 •1 -~



NATO UNCLASSIFED

NATIONAL. DISTRIBUllON CENTHIS F0F1 CLASSIFIED AGARID PI 'RUICATIONS

Clawsified AGARD pubabions ste diiuited su NATO Mwalltxlr Nations

throutiM the classified National D~iritiriwn Cerm fisted beic v

Coordwmatu AGAP.DVSL Aaranades, NWtaft
Umi-MAWo do to POro Adleat Uffco "e Delolea Na:sI al &AGARI)
Qitatfe' Relne Elisabeth ~ 3 Plawle Adwuwer
RuedP'e~ 11140bruxiolks 00144 RoWEUR

CANADA 
LEW~

DEfe4nce Scientific Information Services tisvbeahog EGV

Dept of Nailoiwl Defence
Ottawd. Ontrio K IA OR' Z NETHERLANDS

!4ethertwids Delvilatio AGA RD
National Acratpace Lalvrawy NMM

DENMARK( PO.Box 126

Danish Defence Res-arrh Board 1600 AC Dift
Ved Ildrattapsrken 4
2 I100 Connhiten 0

NASA
PRANCE Nallonkil Aernsuti and MAV,4ii.( bsmft

Directi Spae Administration MOW~.,,

Etude% Watihington. O. OPECIAL FOURTH CLA01 MAIL .- fyIrPNtw&

tfurear' 20546 B0OOK
26 Bot

WIIN I, I : iIiII to AGA

GERMAN'IN I I ' l111 t 111 11 iq Ij !II

der Bu ' I.iUI' 't \' I
Friedr.

C RE ECI AARkE Laure 11alkanit5I

HAFGS/NAT() Sub-11egirury Ankara

I-oarjo,. Aiticnn

UNITE7LD KINGDOM1
ICELAND)

D)crcc Rserch Infoiii.ation (\ntre

Dlirector of Aviaion Kentigemn Houwj
Flugrad 63. Dr In 3iceet
c/u British Ew.nausy, Fteykjavik Uisagow 02 WIX

UNITED STATES

Defense Technical Information Ci-nter
Conieroat Sltin"v
Alexandria. V6";is 22314

PnwMkv by .ptreuleed Pponimq Sirnire Lrnlid
40 (*hi gil Lans. La~4Aton, Rswx 110317Z

L NATO UNCLASSIFIED


